ABSTRACT. DNA barcoding is a promising tool for species identification at the molecular level. The barcoding system is well established for species differentiation in animals, while it is less common in plants. We evaluated 2 barcoding regions, maturase K (matK) and ribulose bisphosphate carboxylase (rbcL), to compare species of Palmae according to amplification success, discrimination power, and inter-and intra-specific divergence. Both regions appear to have potential to discriminate most species of Palmae, but 2 species, Phoenix dactylifera and Phoenix sylvestris, did not show variation in the nucleotides of the barcode genes. P. sylvestris is said to be the sister species of P. dactilyfera according to its morphological and genetic proximity to the cultivated date palm. Thus, the status of these 2 species needs to be re-evaluated considering more genes as barcodes. Furthermore, rbcL has a higher discrimination power (90%) than matK (66.6%) and can thus be potentially used as a standard barcode to discriminate the species of Palmae.
INTRODUCTION
DNA barcoding involves sequencing short DNA sequences from a particular region of the genome and comparing them between and within species to present a "barcode" for species identification (Hebert et al., 2003) . This technique proved to be a promising tool for species discrimination in animals using the mitochondrial gene cytochrome c oxidase I (COI) (Cowan et al., 2006) . In plants, this is not a straightforward technique because of the lower evolutionary rate of plant mitochondria, resulting in less variation in the COI gene among species. In some plants, the chloroplast genome showed potential for candidate barcoding genes with characteristic features such as conserved gene order, high copy number, and easy amplification by polymerase chain reaction (PCR) (Chase et al., 2005) . A multi-locus approach using the chloroplast genome has been successfully used as an effective strategy to barcode various land plants (Kress and Erickson, 2007; Newmaster et al., 2008; CBOL Plant Working Group, 2009) . Recently, standard barcodes for plants have been tested for this purpose (Chase et al., 2005; Cowan et al., 2006; Kress and Erickson, 2007; Lahaye et al., 2008; CBOL Plant Working Group, 2009 ). The maturase K (matK) and ribulose bisphosphate carboxylase (rbcL) genes have been adopted as barcodes by the Consortium for the Barcode of Life (CBOL) because of the easy recovery of rbcL and the high discrimination power of matK (CBOL Plant Working Group, 2009 ). These barcoding efforts resulted in in silico libraries of DNA barcode sequences that could be used as a standard for species identification such as the Barcodes of Life Data system (BOLD; Ratnasingham and Hebert, 2007) .
Palmae (Arecaceae) is the third most important plant family for human use; it includes about 180 genera and 2000 species distributed across the tropics and subtropics (Hahn, 2002) . Date palm (Phoenix dactylifera L.) is an important fruit crop in the Palmae family that covers 3% of the cultivated area of the world. The genus Phoenix contains 17 species, and 4 of them are present in Pakistan. The fruit of P. dactylifera is sweeter than other fruit crops of the family, and it is the only Phoenix species that is used as a staple by millions of people around the globe (Zaid and deWet, 2002) .
Determining the genetic variation in palm cultivars using morphological traits is difficult because the required phenotypic data are often difficult to assess due to high environmental effects. Moreover, morphological discrimination identifies individuals at a specific life stage or gender in such a way that many individuals remain unidentified or are wrongly identified (Sedra et al., 1993 (Sedra et al., , 1996 . Under these conditions, a molecular approach seems particularly useful. Therefore, this study assessed the potential and efficacy of barcoding using 2 chloroplast loci (matK and rbcL) as barcodes of Palmae for species discrimination.
MATERIAL AND METHODS

DNA extraction and PCR amplification
Leaf samples of 10 species of the Palmae family (Table 1) were collected for DNA extraction. To further evaluate the candidate barcodes, 34 date palm cultivars, morphologically all belonging to the same species (P. dactylifera), were also sampled ( Table 2 ). Good quality DNA was isolated from the collected samples by a modified cetyltrimethylammonium bromide method (Sharma et al., 2003) . A dilution of 20 ng/µL was prepared to optimize the DNA concentration for PCR amplification. Chloroplast markers (matK and rbcL) were ampli-DNA barcoding system for the Palmae family fied using a set of primers (Table 3 ). The amplifications were performed in 25-µL reactions. PCR conditions were as follows: initial denaturation at 95°C for 4 min; 40 cycles of 1 min at 94°C, 1 min at 50°C, and 1 min at 72°C; and a final extension step of 10 min at 72°C. The PCR amplifications were separated on a 1% agarose gel with a 1-kb gene ruler (Fermentas, USA).
Species
Common Table 3 . Barcoding primers and sequences.
Sequencing
The PCR-amplified products of the matK and rbcL genes were eluted and ligated into a TA cloning vector (pTZ57R/T). The recombinant clones were confirmed by restriction digestion. Purified clones were sequenced using forward and reverse primers of the matK and rbcL genes, which were also used for PCR amplification. The sequencing was carried out by Macrogen, Korea. Primer sequences were confirmed in the raw sequencing data, and all sequences were submitted to BOLD under the sequence submission tool (http://www.boldsystems.org). Subsequently, the success ratios of PCR amplification and sequencing were calculated.
Data analysis
The sequencing data acquired for all 10 Palmae species and 34 genotypes of date palm for the 2 genes (matK and rbcL) were aligned separately using CLUSTAL W (http:// www.ebi.ac.uk/Tools/msa/clustalw/). The interspecific and intraspecific divergence of each barcoding region was calculated by Kimura 2 parameter distances in the BOLD analysis tool (http://www.boldsystems.org). The maximum likelihood substitution matrix was estimated by the MEGA (version 5.0) software, and the neighbor-joining method was used to construct a phylogenetic tree in the MEGA 5 software (Tamura et al., 2011) .
RESULTS
Amplification
The amplified PCR products of matK and rbcL were 873 and 650 bp, respectively. The amplification success rate of both regions (matK and rbcL) was 100%. The cloning of PCR products in pTZ57R/T was confirmed by double digestion with HindIII and BamHI. This also confirmed the inserted fragment size of 873 and 650 bp for the matK and rbcL barcode genes, respectively. The barcodes for all species and genotypes were preserved as glycerol stocks for future analysis.
Sequencing
High-quality bidirectional sequencing data were obtained for both rbcL and matK with a success rate of 93.02 and 81.3%, respectively (Table 4) . Although the sequence success rate of rbcL was higher than that of matK, the overall sequencing efficiency of both barcodes was above 80%. The sequence alignment showed prominent nucleotide polymorphism among species. This polymorphism was further evaluated to estimate the interspecific and intraspecific divergence. Higher interspecific variation than intraspecific variation represents the success of the study and may have wide scientific applications. For the rbcL gene, the analysis involved 9 nucleotide sequences. There were a total of 654 positions in the final dataset. The T to G and C to G transversion rate was 4.39, that of A to T and G to T was 5.51, that of T to A and C to A was 5.67, and that of A to C and G to C was 4.05. The A to G transition rate was 14.54, that of C to T was 26.74, that of T to C was 19.61, and that of A to G was 18.72. Frequencies of the nucleotide substitution were A = 28.88%, T/U = 28.10%, C = 20.36%, and G = 22.66% (Table 5) For the matK gene, the analysis involved 6 nucleotide sequences. There were a total of 874 positions in the final dataset. The A to T and G to T transversion rate was 7.68, that of A to C was 4.09, that of T to A and C to A was 9.39, and that of A to C and G to C was 4.09. The A to G transition rate was 9.51, that of C to T was 12.50, that of T to C was 6.65, and that of A to G was 20.19. The frequencies of nucleotide substitution were A = 36.71%, T/U = 30.02%, C = 15.98%, and G = 17.30% (Table 6 ). Both genes in our study showed high interspecific divergence and low or no intraspecific divergence (Tables 7 and 8 Table 7 . Interspecific and intraspecific distances for rbcL by the Kimura 2-parameter method. N = total number of samples included in species, genus, and family. N = total number of samples included in species, genus, and family. Table 8 . Interspecific and intraspecific distances for matK by the Kimura 2-parameter method.
A neighbor-joining tree was constructed to examine the phylogenetic relationship between species. The tree constructed for rbcL sequences showed similarity between Archontophoenix alexandrae and Chamaedorea elegans because they were in the same node. The Dypsis decaryi, Chamaerops humilis, and Livistona chinensis were independent entries. Additionally, Caryota mitis had more diversification than other species (Figure 1 ). For matK, C. humilis and L. chinensis were similar. Phoenix roebelenii was similar to P. dactylifera and Phoenix sylvestris (Figure 2) .
P. dactylifera and P. sylvestris revealed a strong relation of 100% similarity for both genes. The nucleotide variation in P. sylvestris and P. dactylifera was found to be at the same positions although they are morphologically different from each other and exist as independent species.
DISCUSSION
DNA barcoding is a valuable tool for taxonomists working with Palmae. It can be used to identify species efficiently and accurately on the basis of a standard region as a marker. To identify an ideal region in plants, which must be sufficiently variable to differentiate all the species and conserved enough to be minimally variable within species, is nevertheless a challenge (Kress et al., 2005; Liu et al., 2010) . Various loci have been tested and evaluated as DNA barcodes, and different studies have tried to define a standard barcode for plants. CBOL has proposed rbcL and matK as standard barcodes for land plants (CBOL Plant Working Group, 2009 ).
To evaluate a DNA barcode, universal PCR amplification and sequencing success are important parameters. In this study, 2 barcode genes (matK and rbcL) showed 100% amplification success. The matK locus could not be sequenced from some samples because of the inter- Table 1. ruption of sequencing reads by downstream mononucleotide repeats. This problem was also reported for matK in previous studies CBOL Plant Working Group, 2009) .
The matK gene is used as a universal barcode for flowering plants because of its easy alignment (Lahaye et al., 2008; CBOL Plant Working Group, 2009) . In this study, the matK and rbcL sequences from the varieties of P. dactylifera did not show any polymorphism. The sequences were 100% conserved within the species as suggested by Hebert et al. (2003) . Nucleotide polymorphism was observed in alignments that included different species, and these polymorphisms were enough to discriminate these species. The power of a barcode to discriminate species is an essential criterion that determines its utility. The matK sequence had a lower calculated discrimination power of 66.66% (discriminated 6 of 10 species) than rbcL, which was about 90% (discriminated 9 of 10 species).
The maximum likelihood substitution matrix using MEGA 5 shows the probability of substitution from one base to another. These changes include the substitution of a pyrimidine by a purine or a purine by a pyrimidine (transversion) and the substitution of a purine by a purine or a pyrimidine by a pyrimidine (transition). Our results (Tables 7 and 8 ) are in agreement with the fact that a favorable barcode must possess more interspecific divergence than intraspecific divergence to distinguish the species (Zhu et al., 2010) . The lack of sequence variation in P. dactylifera and P. sylvestris may be due to low rates of sequence evolution and taxonomic misidentification (Kress and Erickson, 2007) , which need to be further explored. P. sylvestris has morphological and genetic proximity with P. dactilyfera and is considered to be a progenitor of P. dactilyfera (Barrow, 1998) . On the basis of these findings, it may be useful to include more genes and more species for a precise and comprehensive system of species identification in Palmae.
In conclusion, a barcoding system based on rbcL and matK has the potential to differentiate most of the species of Palmae that were examined. To obtain a holistic assessment of the taxonomy of Palmae, a detailed morphological study combined with a DNA barcoding system using additional loci is necessary.
